In 17 subjects with bronchial asthma and chronic bronchitis measurements of the uneven ventilation using the single breath oxygen test, F.E.V.1.0 and V.C. were performed before and after acetylcholine or allergen nebulization. An increase of the alveolar slope was noticed in five out of the seven patients with induced bronchospasm and a decrease in the remaining two. In two other subjects moderate dyspnoea not reflected by spirographic tests was accompanied by a definite increase of the N2 gradient. One patient experienced a severe asthmatic attack after acetylcholine without significant increase of the N2 gradient. In the last seven subjects the spirographic tests were not impaired but the N2 gradient rose to a significant level in three. The various implications of these results are discussed. In one subject the alveolar nitrogen concentration decreased after acetylcholine with a concomitant increase in the residual volume. This finding was assumed to be the result of either a failure of inspired oxygen to mix with alveolar nitrogen or a decreased available lung space.
In 17 subjects with bronchial asthma and chronic bronchitis measurements of the uneven ventilation using the single breath oxygen test, F.E.V.1.0 and V.C. were performed before and after acetylcholine or allergen nebulization. An increase of the alveolar slope was noticed in five out of the seven patients with induced bronchospasm and a decrease in the remaining two. In two other subjects moderate dyspnoea not reflected by spirographic tests was accompanied by a definite increase of the N2 gradient. One patient experienced a severe asthmatic attack after acetylcholine without significant increase of the N2 gradient. In the last seven subjects the spirographic tests were not impaired but the N2 gradient rose to a significant level in three. The various implications of these results are discussed. In one subject the alveolar nitrogen concentration decreased after acetylcholine with a concomitant increase in the residual volume. This finding was assumed to be the result of either a failure of inspired oxygen to mix with alveolar nitrogen or a decreased available lung space.
In the last few years bronchial inhalation tests have gained widespread acceptance in the diagnosis of bronchial asthma (Herxheimer, 1951; Tiffeneau, 1959; Nilsson and Kaude, 1960; McAllen. 1961; Marcelle and Petit, 1965; Kim, 1965) . Induced bronchospasm, using either bronchoconstrictive drugs (acetylcholine, carbachol, histamine) or allergens, is currently evidenced by spirographic tests (Citron, Frankland, and Sinclair, 1958; Fagerberg, 1966) or more elaborate methods, as in the determination of pulmonary mechanics (Colldahl, Nisell, Ripe, and Svanborg, 1960;  Bernstein, Kreindler, and Sugeman, 1964; Scherrer, 1966) or tests of the uneven distribution of inspired air (Bouhuys, Georg, J6nsson, Lundin, and Lindell, 1960a; Bouhuys, Jonsson, Lichtneckert, Lindell, Lundgren, Lundin, and Ringquist, 1960b; Petit, 1965) .
Previous work has stressed the value of the single breath oxygen test as a simple and objective method for detecting minor obstructive impairment (Olsen and Gilson, 1960; Malmberg, Simonsson, and Berglund, 1963; Stanescu, Teculescu, Pacuraru, and Gavrilescu, 1968a) .
The purpose of this paper is to investigate the effect of induced bronchospasm on the distribu-'Reprint requests to Dr. D. C. Stanescu, Clinica de Boli Profesionale, Spitalul Colentina, Bucharest 10, Rumania tion of alveolar ventilation studied by the single breath 02 test; and subsequently to find whether or not this method is a reliable index in the appreciation of the inhalation test.
MATERIALS AND METHODS
Of the 17 subjects, most were in-patients; the others were out-patients studied for longer periods in the allergy unit. The patients had a clinical diagnosis of bronchial asthma and chronic bronchitis (Medical Research Council, 1965) . Most of the patients were free of symptoms at the time of the study. No patient was receiving steroids either before or during the tests: bronchodilators were withdrawn the day before the test.
All patients had received inhalation tests previously with the following results: nine patients had a positive response to inhaled bronchoconstrictive drugs; in three patients, although the decrease of the forced expiratory volume was insignificant, slight dyspnoea after nebulization cast some doubt on the result of the inhalation test. In the remaining five patients there was a negative inhalation test without clinical complaint.
Tests of respiratory function were done in the morning in the sitting position. Vital capacity and forced expiratory volume were measured on a 9-litre spirometer (Pulmotest Godart). The distribution of alveolar ventilation was studied by the single breath 628 oxygen test of Comroe and Fowler (1951) , standardized by Kjellmer, Sandqvist, and Berglund (1959) . Nitrogen concentrations were measured using a nitrogen analyser (Nitrograph Godart), with a 90% delay time for a square-wave change in nitrogen concentration from 80 to 0% of 0-34 sec., and a 90% response time of 0-09 sec. The nitrogen meter was calibrated between each series of experiments with room air and 99 5% oxygen and the calibration curve of the apparatus was tested on several occasions with different mixtures of nitrogen in oxygen (analysed with a Van Slyke apparatus). The output of the analyser was displayed on a direct writing multichannel recorder (Multiscriptor 9400/6 Hellige) at a paper speed of 50 mm./second. The assembly system is presented diagrammatically in the Figure. The subject was coupled in the circuit at the end of a normal expiration and inspired 1,000 (±50) ml. oxygen (A.T.P.S.) from the spirometer Si and expired (with a mean expiratory flow rate of 30-60 I./min.) without pause into a second spirometer S2; the instrumental dead space (from the T tap to the patient's lips) was 100 ml. Before each series the dead space between valves Vi and V2 was flushed with oxygen. Two electric contacts on the counterweight of the S2 spirometer indicated 750 and 1,250 ml. (A.T.P.S.) of expirate. These signals were displayed simultaneously with the N2 concentrations on the second channel of the recorder. The difference of nitrogen concentration between 1,250 ml. and 750 ml. expired volume was measured and is referred to as N2 gradient. Tests were discarded and repeated when (a) a precise volume of oxygen was not inspired, (b) the expiratory flow rate was not within the required limits, (c) the N2 plateau was wavy, or (d) a pause was made between the inspiration and expiration. All measurements of the N2 gradient were performed by the same investigator.
Aerosols of 1% acetylcholine or Bencard inhalatory allergens (diluted to 1/10) were produced with a nebulizer. Patients directed the aerosol stream into the mouth and breathed deeply for 3 minutes. The amount of bronchoconstrictive agents was not measured, since only a bronchospastic response was intended.
In each subject the experiment started with five single breath tests, at least 3 minutes elapsing between tests. The subjects then performed a vital capacity and a forced expiratory volume and these were recorded, after which the aerosol inhalation started. A further five single breath 02 tests and spirographic measurements were made immediately after acetylcholine nebulization or 30-60 minutes after allergens. This sequence of measurements was adopted in order to prevent a possible alteration of the intrapulmonary distribution due to forced inspiratory and expiratory manceuvres. The mean expiratory flow during the single breath O2 test was maintained before and after nebulization in each subject at a similar level.
Each subject acted as his own control. The five measurements of the N2 gradient before nebulization were compared with the corresponding five measurements after nebulization, and the statistical significance of the difference of means was ascertained in each subject with the Student t test.
RESULTS
In Table I are presented the age, sex, vital capacity, forced expiratory volume, and F.E.V.1.0/ V.C. of the 20 subjects investigated. In Table II the mean nitrogen concentrations at 750 ml. and 1,250 ml. expirate volume and their difference (the N9 gradient) before and after nebulization are given together with the per cent decrease of vital capacity and forced expiratory volume.
Patients 1, 7, 12, and 15 received allergens acetylcholine was administered to the remaining 13.
A slight obstructive ventilatory impairment (F.E.V.,.0 /V.C. lower than 70%) was present in 11 subjects. Six patients had an increased initial N2 gradient (beyond the upper normal limit (Sandqvist and KjelUmer, 1960; Stanescu, Teculescu, and Pacuraru, 1968b) ). N2 gradient was considered significantly different from the starting level when P was less than 005. In 10 normals the repeatability of the N2 gradient before and after an hour gave a mean difference of zero + 0-36% N9 (standard devia-FIGURE. Apparatus assembly. achieved.
The first seven subjects (including a repeated determination in subject 2) were characterized by a definite decrease of forced expiratory volume and vital capacity accompanied by dyspnoea, reflecting an induced asthmatic attack and wheezing. In these subjects N2 gradient was increased in five subjects (significantly in four) and (significantly) decreased in the remaining two. In subject 2 the N2 gradient was measured after 15 seconds' acetylcholine nebulization and repeated after another 60 seconds' nebulization. After 15 seconds the N2 gradient rose from 5-8 to 7-5% nitrogen (the forced expiratory volume was reduced by 7% only); after one minute's nebulization there was a further rise in the N2 gradient (to 8 5%), associated this time with a definite reduction in F.E.V.1.0 (-37%).
Subject 8 had an equivocal decrease of the F.E.V.1.0 (-9%), while the N2 gradient rose from 1 8 to 4-2 (significant increase). Similarly, subject 9 experienced after acetylcholine moderate dyspnoea not reflected by the spirographic tests, but determining a great increase in the N2 gradient from 2-6% to 6-1 %. In such a case, using only the F.E.V.1.0, the response would have been considered negative and dyspnoea overlooked. In subject 10 severe dyspnoea occurred after acetylcholine, preventing the recording of the spirographic parameters; however, the N2 gradient rose from 2-9 to only 3-4% (non-significant increase).
In the last seven subjects (11 to 17) the F.E.V.1.0 and V.C. were not significantly affected by bronchoconstrictor agents; N2 gradient rose by a significant amount in three (11, 12, and 13), not significantly in another three (14, 15, and 16), and was equal to its starting level in subject 17.
In subject 2 wheezing with dyspnoea was produced on two different occasions. In one, beside the single breath 02 test, the residual volume was measured using the single breath method (McGrath and Thomson, 1959 ) with a bag in box system and a 1-5% mixture of helium in air. Vital capacity decreased after acetylcholine (from 3,800 ml. to 2,400 ml.); a concomitant increase in residual volume (from 2,700 to 4,200 ml.) was recorded. Total lung capacity as measured by this technique remained unchanged. On two occasions the N2 concentrations at 750 ml. and 1,250 ml. expirate air were decreased after nebulization: from 47-4 to 40 5% at 750 ml. and from 53 2 to 49.0% at 1,250 ml. The same pattern was also found in cases 1, 9, 11, 12, 14, and 17. However, N2 concentrations remained unchanged in one subject (10) and increased at both 750 ml. and 1,250 ml. in another three (4, 5, and 13). In the remaining cases the decrease in the N2 concentrations at 750 ml. was accompanied by a variable response at 1,250 ml. expirate air.
DISCUSSION
The single breath 02 test proposed in 1951 by Comroe and Fowler as an objective and simple method for the assessment of uneven ventilation acquired a wide popularity, especially after its standardization by Kjellmer et al. (1959) .
Previous studies (Raine and Bishop, 1964; Norris and Bishop, 1966) showed an increase in the slope of the nitrogen plateau after carbachol and calcium carbonate dust in normal subjects, 'reactors', and patients with chronic bronchitis and bronchial asthma. However, only the mean value of the N2 gradient was reported.
Our results indicate that an induced asthmatic attack does not result in a unique pattern of response in the single breath test.
It should be mentioned that F.E.V.1.o and N2 gradient do not reflect the same phenomenon. The reduction of F.E.V.1.0 is assumed to reflect indirectly an increase of the airway resistance, but this assumption may be in error (Macklem and Mead, 1967) ; and a reduction does not indicate whether the decrease in resistance is diffuse or local. Malmberg et al. (1963) found a significant correlation between N2 gradient and forced expiratory volume in chronic bronchitis. In 85 subjects with chronic obstructive lung disease a similar correlation between increased N2 gradient and decreased F.E.V.1.0 was observed in our laboratory (unpublished observations). Other authors, using the lung clearance index (Bouhuys et al., 1960b) or a method to assess asynchronous ventilation (Petit, 1965) , found an impairment of ventilation distribution during induced asthma attacks. The increase in the N2 gradient in patients whose F.E.V.1.0 decreased significantly justify these premises indicating a more uneven alveolar ventilation as a consequence of the asthmatic attack.
The decrease of the N2 gradient was an unexpected finding. The drop of the N2 gradient, concomitantly with the increase of the nitrogen concentration at 750 ml. expired air, might be explained by the preferential distribution of bronchoconstrictive drugs to units with patent airways, resulting in better ventilation of these units (which empty first). The final result is an apparent improvement of the distribution. The question why the proposed mechanism did not operate in other cases cannot be confidently answered.
In patient 2 an increase in the alveolar nitrogen concentration would have been reasonably expected, as a consequence of the increase in residual volume. In fact the reverse was observed. An explanation could be the failure of inspired oxygen to mix with the alveolar nitrogen as a result of a concentration gradient. The alternative explanation is closure of airways at functional residual capacity and opening during maximal inspiration, as advanced by Bouhuys et al. (1960a) .
The present results do not allow a choice of one or other of these theories; however, the first assumption seems to us more plausible.
In fact, so far there is no general agreement concerning the interpretation of the alveolar slope in health and disease. Otis, McKerrow, Bartlett, Mead, Mcllroy, Selverstone, and Radford (1956) Fowler (1952) considers that gas distribution is sequentially distributed in relation to time; units filling early in inspiration empty late in expiration. This concept has received much support, although the conclusion drawn from these studies (Koler, Young, and Martin, 1959; Fowler, 1964; Young and Martin, 1966) , including an elaborated radioactive gas technique (Bates, Kaneko, Henderson, Milic-Emili, Anthonisen, Dollfuss, and Dolovich, 1966; Pain, Glazier, Simon, and West, 1967) cannot be easily applied to the particular procedure of the single breath 02 test.
Although the single breath 02 test was standardized by Kjellmer et al. (1959) , there are still some factors (Shephard, 1956; Thomson, Shephard, McGrath, and Thornton, 1964; Nesarajah, 1965; Mills and Harris, 1965 ) that can influence the N2 gradient. The inspired or expired flow, as currently measured, is a mean flow and not an instantaneous flow. Young, Martin, and Pace (1963) observed variable results, depending on instantaneous expiratory flow rate.
Another fact that complicates the interpretation of the nitrogen slope is represented by the regional differences in ventilation/perfusion ratio, resulting in an initial non-uniform distribution of alveolar nitrogen. Recently, Cumming, Crank, Horsfield, and Parker (1966) and Sikand, Cerretelli, and Farhi (1966) , using different approaches, demonstrated that in normal man the slope of the alveolar plateau can be determined by a diffusion gradient in airways, as originally suggested by Krogh and Lindhard (the stratification theory).
The part played by the series and parallel ventilation was found in normal subjects to be dif-ferent when the test is performed near to residual volume or above this level (Jones, 1967) . In the present study the lung volume at which the test was performed was not controlled. Residual volume was shown to increase following constricting aerosols (Lovejoy, Constantine, Flatley, Kaltreider, and Dautrebande, 1961) . The variable volume at which our subjects performed the single breath manceuvre before and after bronchoconstrictor aerosols could probably be in part responsible for the modification of the N2 slope. However, it is hazardous to extrapolate results of normal subjects to patients with pulmonary inhomogeneity. The mechanisms determining the change in alveolar plateau in normals in relation to lung volume may a priori be different from those acting after bronchoconstrictor aerosols. The present study does not allow a distinction between regional inhomogeneity and gas mixing defect to be drawn.
The main advantage from a practical point of view of the single breath oxygen test in detecting induced dyspnoea with wheezing is its objectivity; besides it is easy to perform (good acceptability). These characteristics make the test useful, especially in uncooperative subjects or malingerers. The significant increase in the N2 gradient in the absence of ventilatory impairment emphasizes the sensitivity of this method. However, the variable behaviour of the N2 gradient in cases with 'asthmatic attacks' with significant F.E.V.1.0 decrease limits the utilization of the single breath°2 test in assessing the response to bronchoconstrictive drugs. Owing to its sensitivity this test can be applied together with the spirographic measurements. A significant increase of the N2 gradient accompanying a definite decrease of the forced expiratory volume strongly supports the result of spirographic tests, conferring to them an additional objectivity. A decreased or an unchanged N2 gradient does not refute the positive spirographic test. In patients with unchanged forced expiratory volume a significant increase of the N2 gradient, whether or not associated with slight dyspnoea, suggests a minor asthmatic attack, not reflected by the less sensitive spirographic tets. 
